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Abstract
Study design: Multicenter study.
Objectives: The COVID-19 pandemic has obligated physicians to recur to additional resources and make drastic changes
regarding the standard physician-patient encounter. In the last century, there has been a substantial improvement in technology,
which over the years has opened the door to a new form of medical practicing known as telemedicine.
Methods: Healthcare workers from three hospitals involved in the care for COVID-19 patients in the united states were invited
to share their experience using telemedicine to deliver clinical care to their patients.
Results: Since the appearance of this worldwide outbreak, social distancing has been a key factor in preventing the spread of the
virus, for which measures have been taken to limit physical contact. Because of the ongoing situation, telemedicine has been
progressively incorporated into the physician-patient encounters and quickly has become an essential component in the day-today
medical practice.
Conclusions: It is feasible to deliver viable spine practice with the use of telemedicine. A proper patient selection of patients
requiring virtual treatment versus those requiring in-person visits should be considered.
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Introduction
There is a significant bond and relationship between a patient
and the physician. This relationship has developed over the last
thousand years to direct face-to-face interactions and personal
encounters. Over the last century, there have been significant
developments in technology and communication. Telemedi-
cine was slowly entering into the physician-patient relation-
ship. Recently with quarantine and need for social distancing,
this tool has now become a required instrument in physicians’
care armamentarium. This article summarizes the key
resources and options spine surgeons have in the exploration
of this technology.
The physician-patient encounter has relied on the physician
being a combination of scientist, counselor, and healer. Tradi-
tionally, encounters with patients have included a substantial
tactile component, including the introductory handshake and a
“high-touch” physical examination portion. Notwithstanding,
many of us have emphasized to our trainees over the years the
importance of the oral component of the encounter—active
listening, appropriate probing, and verbal explanations and
counseling. The telehealth encounter facilitates the oral and
visual components of our encounters with patients but limits
us in some aspects of the tactile physical examination. While
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there are clear limitations of the telehealth encounter, there are
also several advantages that are not always self-evident—
patients feel more comfortable being in their own environment
rather than the intimidating doctor’s office. Some patients
appear to cherish that their physician has gotten to see them
as individuals in their own homes. Additionally, calling in via a
telephone or video encounter is seen by many patients as an
added courtesy that their physician is extending them. Parking
fees and tickets become a nonissue, and the time saved travel-
ing, checking in, and waiting at the doctor’s office is mostly
eliminated.
Multicenter Experiences
Thomas Jefferson University Hospitals, Department of
Neurosurgery
Telemedicine at Thomas Jefferson University Hospital grew
out of a strong telehealth program for vascular neurosurgery.
Over 10 years ago, Jefferson understanding the need to provide
high-quality neurosurgical vascular care to the outlying com-
munities had established a neuroscience network. This has now
grown to involve 35 hospitals within a 100-mile radius of Phi-
ladelphia, with a significant component of direct physician to
patient contact through a telemedicine program (Figure 1).
The ability of the patient to have a dialogue directly with
their health care provider without leaving their home has sig-
nificant advantages. However, there were numerous obstacles
that were overcome to develop this program. Specifically, pre-
viously the limited use of comprehensive electronic medical
record systems that could collaborate with a telemedicine plat-
form proved to be a significant barrier to provide smooth care
via telemedicine. Some unforeseen technical and legal difficul-
ties arose, and was further complicated by the fact that the
neurosurgical and spine patient population also needed a
detailed neurological exam.
Prior to March 2020, Jefferson institution had devoted sig-
nificant resources and placed the use of telemedicine as a pri-
ority for the enterprise. Despite this leadership-instituted
objective, only 50 to 60 telemedicine appointments were being
done daily. By mid-April these numbers increased to 3000
daily. This was accomplished in that there were structures in
place such to facilitate this process. Unfortunately, this new
technology requires significant investment to run successfully.
The office administrator developed a patient flow pattern
where all images and notes would be placed in the medical
record in advance, the patient would be registered into the EHR
(electronic health record), and prior to the visit each patient was
called and instructed on the use of the telemedicine platform.
Therefore, as demand accelerated the staff already had signif-
icant knowledge and experience with this technology.
With the COVID-19 crisis, having a robust telemedicine
program has provided the ability to ensure continuity of care
and patient accessibility to their surgeons. In order to promote
the use of this technology, the government relaxed HIPPA and
reimbursement criteria (www.hhs.gov), such as to provide phy-
sicians the opportunity to better care for their patients.1 Some
of these offer the ability to use widely available commercial
platforms to deliver health care, such as Facetime (Apple),
Skype, and others. Furthermore, through the Social Security
Act, Section 1135 (www.cms.gov), state law limits telemedi-
cine visits within state boundaries; this has been temporarily
relaxed during the declared state of emergency, allowing to
communicate without traditional state law boundary barriers.
Due to the current COVID-19 pandemic performing tele-
medicine through a remote location so as to maximize social
distancing has become paramount in the spine department.
However, there is also a need to continually communicate with
ancillary staff to coordinate care. This is accomplished through
a 3-part system. First, using a secure electronic medical record
system with remote access capabilities, in our case EPIC,
serves to document and review patient’s medical records and
imaging studies. Second, a telemedicine platform is then used
to establish direct video and audio communication with the
patient; these services are provided by Cantu. Third, a system
to have a constant and reliable communication channel with the
office staff, which can be done via conference call or bidirec-
tional meeting software such as Zoom (Figure 2).
A very common issue presented during telemedicine visits is
the loading and visualizing of patient imaging studies. Patients
have the option of having images done at a Jefferson facility
where they remain in our PACS (Philips) system; they also can
mail their discs, and those are then loaded by staff in the office.
In addition, we also provide the patient with an electronic link
to the Life Image System, which allows them to load their disc
electronically. Last, over the last several years, we have estab-
lished relationships and contact with outside commercial radi-
ology sites, providing us direct web access to review patient
imaging.
Figure 1. Jefferson Health Neuroscience Network Locations.
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Walter Reed National Military Medical Center,
Department of Orthopedic Surgery
Virtual health within the military started out of necessity to deliver
care across the world. The military is tasked with delivering care at
diverse locations such as the Middle East, Africa, and on a carrier
in the middle of the Pacific Ocean. To accomplish this, the military
partnered with multiple organizations in pushing out telehealth
platforms. Additionally, due to licensing requirements within fed-
eral facilities, the military providers are able to conduct virtual
visits more regularly across multiple states and even countries.
Prior to the COVID crisis, the standard office telemedicine
visit was conducted using Adobe Connect, a platform enabling
encrypted synchronous video conferencing and screen sharing
for imaging review. As seen with our civilian colleagues, the
platforms authorized for utilization have been expanded with
the current crisis; however, we have continued to leverage our
Adobe connect platform given its capabilities. Previously
patients would either have to be located in a state that we were
licensed or be in a federal facility. However, with the current
crisis, patients are able to conduct virtual visits from home
anywhere in the world. We are strongly encouraging both
patients and providers to conduct as much as possible virtually
in an effort to decrease risk of coronavirus transmission.
University of Michigan, Department of Orthopedic
Surgery
Michigan Medicine began using EPIC as our electronic med-
ical record provider several years ago. EPIC has a telemedicine
platform that allows us to take care of patients virtually. Tele-
health became an initiative across our institution in order to
provide care for patients living in the far reaches of the state.
Initially, these appointments were limited to postoperative and
follow-up care. For several reasons, new patients were not seen
virtually—the primary reason being our inability to perform a
physical exam. Before the COVID-19 crisis, we developed a
hands-free exam that could be implemented virtually and serve
as a proxy for the traditional in office physical exam.
When developing our hands-free exam, our goal was to create
a system that was highly sensitive and allowed us to screen for
surgical pathology. Additionally, we wanted it to be reproducible
in order to follow the exam of patients longitudinally. The tradi-
tional physical exam uses manual muscle strength testing to
assess weakness on a 0 to 5 numerical scale. This scale was
developed in the 1940s and is highly subjective, with poor
intraobserver and interobserver reliability. We replaced this with
objective strength testing that could be performed at home with
household objects. Additionally, we included functional tests that
are equally if not more useful in determining which patients
should undergo surgery. With the implementation of this exam,
we have been able to successfully see all patients virtually. Ini-
tially, our virtual exams were extremely time consuming as we
needed to coach our patients through each step. This has been
somewhat mitigated with a set of detailed instructions that are sent
to the patient prior to their visit. Additionally, we are conducting a
research study to assess if patients can fill out the objective parts
of their exam prior to their visit saving even more time. We also
found it considerably easier to conduct a virtual exam if there was
a family member or friend present to operate the camera for the
patient. Anecdotally, we have been extremely pleased with the
ability of the hands-free virtual exam to diagnose patients as well
as to follow them longitudinally.
Discussion
In 2006, Hersh et al2 performed a systematic review of tele-
medicine services and concluded that there were significant
Figure 2. Virtual-equipment and tools used in telemedicine.
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gaps in the evidence on the effectiveness of the use of teleme-
dicine. At the time, this technology was being particularly
utilized by visual-based services such as dermatology, wound
care, and ophthalmology. These services have come a long way
since then.
A 2017 Virtual Visits Consumer Choice Survey from
Advisory Board noted that 77% of health care consumers
would consider seeing a provider through a virtual encounter,
and 19% of consumers had already experienced a
telemedicine-based visit.3 Furthermore, Buvik et al performed
a comparison between video-assisted remote consultation
against standard orthopedic consultation on 389 patients
(199 remote consultations and 190 standard consultations)
using the primary outcome of patient satisfaction and health
measured through EQ-5D and EQ-VAS,4 and 86% of remote
consultation patients preferred video-based consultation visits
for the next encounter and this further resulted in significant
cost savings.4,5 Several other studies such as the one by
Hjelm6 note that the major benefits of a telemedicine plat-
form were improved access to information, improved access
to care, improved communication to health care providers,
quality control of screening programs, and reduced health
care costs.
A significant limitation that telemedicine presents is the
dependence on the patient to elicit findings on physical and
neurological examinations. Wainner et al in 2003 demon-
strated that spinal exams can be performed and reported by
the patient with useful results.7 The Telemedicine Neurolo-
gical Exam fundamentally consists of 3 components: a motor
exam, sensory examination, and special tests. We have uti-
lized elastic bands, filaments, and prestructural tasks to per-
form these exams remotely and have validated results. In the
present situation, it is not feasible to perform a full physical
examination to meet Medicare billing requirements.8 There-
fore, it is recommended that physicians use time billing for
new and established patients.
Another strategy that is gaining momentum is the use of
smartphone-based applications, as this further promotes acces-
sibility and ease of use.9 According to the Pew Research Cen-
ter, 96% of Americans own a cellphone, and 81% own a
smartphone10; given the widespread use of these devices, a
multitude of mobile health applications are being devel-
oped.11-13 At the moment, however, there is limited evidence
to validate the effectiveness of this method as an equalizer to an
in-person clinical encounter. Some authors present an interest-
ing proposal, which is the use of mobile health smartphone
applications or “apps” to aid in behavior alteration of patients,
specially of secondary or modifiable risk factors.9,11-15 There
has not been a study done directly evaluating the use of apps in
the spine population; however, multiple studies have shown
that these mobile apps can be effective in reducing smoking,
aiding with weight loss, diabetes management, and daily phys-
ical activity tracking, all of which become important for pre-
venting complications in the preoperative and especially the
postoperative care in the spine population.15-21 In the perio-
perative setting, a study by Stewart et al22 showed that the use
of a smartphone application with real-time notifications and
reminders reduced last-minute cancellations of spine surgery
as the patients were more engaged, making them less likely to
miss key preoperative instructions such as stopping a blood
thinner.
After the patients are discharged, apps can help in the effec-
tive remote monitoring of postoperative recovery and preven-
tion of avoidable complications. In 2016, Debono et al23
followed 60 patients postoperative recovery at home after hav-
ing had a lumbar mircodisckectomy with the use of a mobile
application; they concluded the mobile app was a useful tool
for outpatient monitoring of recovery, and it also helped mini-
mize the need for in-person visits for postoperative patients. An
integral part of the postoperative spine care is the assessment of
wound healing and prevention of infections; Martı́nez-Ramos
et al24 looked at this in 2009, and the study results suggested
that the review of patient-provided images of the wound by the
physician was an effective way of monitoring that expected
healing was occurring, and they also found that the use of this
system greatly improved patient satisfaction among
participants.
Other concerns are potential malpractice exposure to physi-
cians using a telemedicine platform. Each physician should
review their situation with their malpractice providers for their
individual status. However, in general, the malpractice claim
using this modality are rare. Fogel and Kvedar reviewed the
number of cases of medical malpractice in direct care to con-
sumer telemedicine, and noted no medical malpractice were
identified.25 Kramer et al raised concerns about malpractice
liability and stated that most of the telemedicine-related mal-
practice issues to date have occurred when a physician has
issued a prescription over the telephone or internet without first
examining the individual in person.26
Individual states’ law may raise complex legal issues related
to malpractice once their legal requirements to practice of tele-
medicine are diverse. Some states require full in-state licen-
sure; others offer a specific telemedicine registration; some
allow intra-specialty consultations while others make exemp-
tions for emergency consultations.27 Each physician should
carefully review their situation, as once the telemedicine care
delivered increases, it is likely that malpractice issues related to
spine surgery care will also increase.
Conclusion
The use of telemedicine in the spine population has proven to
be a challenging endeavor. We, however, present our experi-
ences in maintaining a viable spine practice with the use of this
technology during the global pandemic of COVID-19. Since
the emergence of telemedicine as a concept, there have been
tremendous advances in its implementation, making this solu-
tion more comprehensive and with significant improvement of
patient satisfaction. At the moment, concessions have been
made by the government, loosening regulations on the use of
telehealth.
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Moving forward, we hope to leverage the knowledge gained
in telemedicine throughout this current crisis into an expanded
practice. This crisis will allow us to better understand the most
appropriate patients to be seen and treated virtually versus in-
person visits, and this additional knowledge will help guide
clinical practice post COVID. Patients will continue to expect
some level of virtual health having seen the advantages of
doing so during this crisis. As physicians we will have to adapt
to this increased demand post crisis. Additionally, once the
CMS 1135 waiver is removed, we need to understand the reg-
ulations governing telemedicine, ensuring we deliver the most
appropriate care. Our experience during this crisis will lead to
long-lasting changes in the way health care is delivered and to
the regulations guiding telemedicine.
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